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Dístorienl neviow هغه‎ Introduction 


fore proeading to a description of £ now not od of 
measuring the halfelives of shortelived radioisotopes it 36 


o5 cdvisable to describe sono of the meth: ds which ورد‎ 





been used suececsfully in the past. In this recerd A "lanis t! 
has given an excellent review of several oethis, mume ېه‎ 
Which wil now be discussed, 

¿bbenpts to measure the half#iife of ka 0" (1,.55x107^ 
80€.) gave rise to three different methods ef measuring 


short half-lives, alil of which depeni on the radioactiva 





aughter isotope of invorest being formed Prom a radioactive 
parent wheoge half-liilo ia don, compared v that of the 
daughter. These set ds nay be called (1; the pulseelengthen- 
ime method, (2) the delays! pulse method, and (3) the 
escillose po nethod, 

The pulseelengthoning method hes Leen derriopad by 
Puserth(2) ana Rotbiat, 219 (>) qu utilizes two counters, 
one Of which is socitive te she beta radiation from هذ‎ G and 
ome of which is Sensitive to the elpha radiation fren Ra v. 
The pulses fron the two counters avo amplified separately, 
made of uniform d go, ond then fed into a erincidener cärcnit, 
he length of the beta pulees is varied and tha miber of 
@Oincidentes per unit time observed as a function of the 
length of the pulse, That the graph of tho coincidcneza per 
unit time versus Ihe Length af the pulso is “he inverse of 
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the ña نا‎ decay curve may be seen from the congiverations 
below. 


The p neral law of radioactive docay may be written 


)1( کس و 
where N = the number of ateoma cof a redicachive material‏ 
remaining at the end of a time t 3 Ay ~ the initial number‏ 
of ato‏ 
H N y Pe put equal to one and the differential of (1)‏ 
taken, - result is‏ 
d *» * 2e" ^* at (2) .‏ 





wy and A = the decay constant, 


Prom (2) it may be soen that the probabil ity for a civen 
atar to live a tire t and then decay in the inmeerval ron 
t to tfüt is ae"4%at. Thus the probability for bhe enig- 
ion of an alpha particle during the time Ç, or what is the 
same thing, the rate of coincidence wher the beta pulse has 
a length t is 

C= Hf acm Mat (3) 
whore A is the decay — of a C' aná lo is the inde 
tial number of Ra €? atoms. 
¿Valvatinga the integral in (3) leads to 

ü = نا‎ (Leal) (4) 
where Copy is the nexiuun Coincidence rate, which wm 11 be 
attained when v becomes infinite. For infinite T; Ú 9 Ug " 
Ras From (4) it gan be seen that the eoindid nea rate ine 
creases exponentially with the beta=-muloe lenzth in a manner 

2 
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d4etcr ined by tho decay corstant A. ‘ence it ie possibie to 
copite tho haifelife of Na C’ fron the experinentel rolas 
tisnohip observed betreen the cuircidence rate aml nhe 
lemcth of the bate pulse. 

The delayed pulee rathod has beon developed by 
Jaecbser and „igurgeirrson (3) و‎ As in the previous’ method 
two crunters Gre used, one sensitive on y to beta radiation 
and the oter sensitive oniy to alpha radiations Ihe out. 
puts of the im counters are fed into a eminecidence circuit 
ae before. Ow, however, instead af Lengthening the beta 
pulse the arrival of the beta pulso le delayed a variable 
length ef time. La before ihe probability that an otn dee 
Gays in tho ¿interval between t and t+tdt ia 10% de, hen 
the pulse widths are short compered to the half-life being 
weseurod this is equivalent to the probability that a coir- 
didenes be recorded after the bats pulse has Ween delayed $ 
uite of tine, «herefore the ¢ouincidence rate nay now be 
expressed as 

as teal 2 Pas (5) 
where t is the delay time of the beta pulse Ta is the max- 
imus hength of time by which two pulscs nay bo seporated and 
till bè recorded as a ecincidenes; Ado the ceeny constant 
of Ka ©" y and fig iô the initial nunber of Ra C' stone. Ine 
tegration of (5) gives 

€ * Rug "AY L ln" AO) (6) , 
if chê now denolas by Ú, the volue of 3 when T= o, it is 

3 
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easily seen thet 


hy * 0/11 = e74%e) (7) ۀ‎ 
with this substitution (6) boesmes 
ü = و )8( ۴٣٤ھ ن‎ 


Prom (0) it is clsar that a graph of th cbsurved rote of 
0584565 35506 versus the dclay tise of the beta pulees will 
give a decay curve for ua C! fron whieh We half-life my be 
Basily commuted. 

¿he ostil:oscope method has been doveloped by owlends, 
(6), (7) Two countLors are used as in the previous two 
methods. hia netüod does not, howcvor, utilisc a coirn- 
0200116 circuit. Ingtead, the beta pulse 45 used to trigrer 
& single swecb on a eat-.ode ray oscilloproph and vhc alpha 
pulso is appliad to the vertical defleetion plates. By this 
means it ic possible Lo ooo6rVOo directly the tise intervals 
between pulsen simply by n tiny tho mostticn ol the alpha 
pulse oa the oscillorraph eereen, he nusbor of alpha pulses 
observed after a tine delay v will be 

pr jara at (9) 
t 
where 4t is tho cballost unit of time cbservatlo on the 
oS8@illomrarh tine ecale being used; A is the decay constant 
of Ka C' and H. is the initial number of هذا‎ C' atoms, As in 
the deleyed pulse method this may be readily intesrated to 
give 
Po he ¿Ar (10) 
where now I, is the number of alpha pulses having a sero time 
چا‎ 


L —— 


vn WY © Nee 
w |) darias E NV 
; 13! y “ey قبن‎ et - 


ue ee > rede Y] سغ‎ 
Cr موي نی مس و هرو سے‎ m s m or 
دد وم ورم می لج رم وم یں‎ cns nm em io, 
oc o 
مس مہو پچټه راي‎ sadi se) Ses edt. “ 7 
ad uo Av ون‎ W, wa ow Cromer ow | 
Alo A MIN hu 32 1 M 32 A 
——À — hac X یہ سب میا‎ armaan orto add 
Mp e) ان نند‎ ee ee 
"UM OE ride metbme AR oto ایسا او‎ 
نو یے وو یسسو‎ en ne Mim ot b 
ler ee ee 
nuna ELE سورب د‎ en re يسه‎ 两 
سیت‎ 07 




























e 









ae ee) 
—— 
dee A "rud ve Idtm وهو‎ mp vl Pt پو‎ 
a dpa T ASA 00 yer o u 


(Tos yo n‏ ۲وس" 

























de Wi by analogy to (7) M, de equal to م1 )مه‎ 14 
o 1b is evident that a plot of alpe palmes versus clserved 
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306:0 7 وویم به مت0 م سا 
w tivo naterinil.  —evéiral obher mothoda aloo applicobie‏ 
this case will now ba diseuseod.‏ $6 

` Jh à wethoud originated by roselo; and Fajanol%) und 
developed by Vocker and Gnerttmer!?) a target in Seronited 
pma disk which rotates at high speed. The target هذ‎ thon 
bombarded vith nuclerr projectiles fror soe sert of an 
aeeelorator, and the act! vity is measured as a !'uncti^n of 
ner « dieplaesment fron the point of bocbard: ert 

Prog this data the half-life of the activity may omelly be 
نا‎ — — 

Cassels and 'athanUlO) have used a eyelotran sedul ved 

te cive short bursts of purticles. Ir between the lerstes, 
Gm counter measuring the radivaetivity of th target is 
‘qwmmeeted in turn for equal thie intervals te each of ten 
5 
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separate هکوا اسوه«‎ The half-life of bpe ac. vitr vay then 
be @acily cueputed frim nhe data obtained. aesels and 
bátumss Cleás that this mthed ia eset for inl l-livres ronse 


ing fra 100 mácrosoc. to İl ant. Sha fact r which ¿sts a 
lower Limit to the half-life neasmrable by thi, Technisat 
dia the rotovory tine of NS cognioar biz used ےت‎ pranbere 
thé no^.lvity,. “he use of ecintlilation counters, Wiich have 
TecoYsry Vines on the order of 10% 8 8“@,, would incer; se 
the vance ef spplicobility of thie mthed conziderably, 

Yor half-Livew lonmer than a Tev seconds, a target هه‎ 
Sere wrt which weacures the activity and the decay of the 
&nánced rxdionctiviv. The main difficultes am thin pros 
Care ¿re potting the rediocctive target fros tho nltes af 


ed am! then reeoved to an adiatont counter of 








nent to the gounter befure the cesivity hae llner Ted 

Sop Meh, wid devising a tiving wogshoniemn to acenrately fix 
the tine intervals during which the couniar 6: vta, The 
mumber of counto obtained quit also he recorded in some 
fashion: The counting interval ah.uld, of course, be persone 
Abiy mall compared to the half-life being weasueé, Oiffere 
eut research workers uL): 1125 (7) haye devised wricus mtinds 
هه‎ suracunt the diffievitiza menticnsd, for mere specific 
informetin the litersture may be conmilt ed. 

In goveral the metheds for seoguring shart half-lives 
durt "n ape. of apmlicchiliiy and re- 
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able Goweetelaliys The new method which will be described 
in this thesis hat a range of applicability Iron aprroxie- 
mately 1 millisees te 1 mins and utilines for the pest 


electrical circuits which must be cons ructod ars sinrle in 


mrelaliy aváileble cquipment. The associated 





design and not difficult to assenblos Althourk the method 
was derignod for use with a Yan de Graaff generator, it 

gould easily be adapted fer usa with any ether type of 

aceolerater, After the renoral thoory and constr eti on of 
the ejuipm.nt have been discusocd, descriptions of two ex- 
periments utilicin: the method will be siven, ¿he resuits 
of these experinonte will be discussed and finally future 


applicatione cf the method will be sugrested. 


General Description of Tetriod and ‘quipment 


The method discussed below was devised fer use with the 
Van de Oraaff generator at chio state University. A general 
description of the pieces ol equipment necessary und the 
tasks perf red by sach f llovs, 

A Shutter was ecratpuected to interrupt tho Van de Graaff 
generator beam. Jimultanesusiy «ith interrupting the bean 
the shutier actuaten a wieremwiteh which in turn actuates 
a relay raising a lead shield from betweon the target bein 
bombarded and an active ‘eiger tube, “he pulses from ۵ 


7 





lajm c fit» le سار جم سه منص‎ vü 
cir سم‎ Willen de سد و جود‎ re په یی‎ 
acc wm O torso (up vb fo vob HS C ERA 

tO Lom onto LNG R Ale‏ ولك نا 

ول بس سا Ab ١‏ سا که پیم مه وس له ده 
هغه سامه are‏ د on dumm il,‏ 
ke +L ba P B‏ دق سل 9À eom‏ 
ٹ-ٹ- ما د به اسما دو له ¿dl‏ ده te eyes hm‏ 
ووي ام TEARS Laue oe‏ جو ےم ہہھ w ar‏ 
چا ہیا ےھ بے لس aa; O de OEP (Th‏ 
ویم LU Lp‏ لا Kratke‏ داي اور NEDE OT car‏ 
۷ کے - اع همیس — ^ 
a‏ | 




























Ai la boé رم ہد‎ lv... o 
موم ي‎ hq eee 
¿msn a (Rr درم‎ eo وین و نے ہو‎ Y mB 

ام ویو همیس پور سے جا ہے توب 
یوی مه De Fee W wan‏ — — 
en =‏ :یز et‏ 

Gam < namen ou) ۷ صر اساد عا‎ Ñ L ang 

rfar s r: N B دوب وہہ‎ + o ma پس‎ 

u Du ہس‎ OIGO کشت ۰ ہو سیت وی‎ atn هھ‎ 
at w h mti mil بعکم‎ AY AKG me W ښمه‎ 


die —— ——» سم‎ 



























— _ — و نوا — 














eis tube are fod inte the vertieal defloction plates of 
û cathcáo ray eccilloscope, The micrcewitch ment loaned 
beforp also closes an slestric circuit which tricgers a 
Mingle aweep cf the eleetren beae across the face of the 
peeili»seope. :ositicned at definise intervals alom: the 
tame axis of the oselllogeope are three lucite tubes whieh 
pipe light to three soporate type 93le. photormitiplicr 
tubes, tach photomultiplier tube is followed by its own 


iuplifier and its wen independent sealer. Thus dw irg 





a single wesp of thc electron bean abross the face of the 
o@@illesespe a certain number of pulses will be "seen" by 
wech photetube aná recorded on the apprtpricte scaler, “his 





will Hive three points on a decay curvo of tho activity being 





tadı f course, vhis routine must be mens through many 
PN to obtedn sufficient counts on each sealer to give a 
small probable error, ¡he tine baso .f the cocilloscope 
Sweep must be adjusted to a value comensurate with the half- 
Life of tho activity beins neasureda 
It is seen from the pree 





sding description of Die now 
method that the equipment necessary ist 
(1) A Van de 3raaff povrorata, 


(2) A shutter for interrupting the Van de Graaff 
fonerator bean. 


(3) A Geiger tube, 
(4) A catrode ray oscilloscopes. 
(5) Three phototubes with individual preanpli- 
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(7) Varicus voltage cup lies, 
Figure 1 is a sketch illustrating the proper relationahip 
ef this equipment, Items (2) and (5) in the above list 
requiro a special desoripticn since they Mad to bo dosicned 
and constructod. 








Figure 2 is a sketeh of tho shutter uced in this vork, 
458 can be inferred from the sheteh the motivating f-roo fa 
Ré Sutter is provided by a sclencid, hen this solen id 
is Actuated by a ham? switch in serios with a 20. v.lt us Cy 
power supply the soft iron core is dram: inside the solenoid, 
Cuttin; off ghe Jan de Greaff bean ond actuating the micro- 
switch, The solenoid draws 70 milliamperes of current, When 
hé hand switch is turned of f a sprime draws the shutter 
back so that the van de Graaff beam is again bombarding the 
Figure 3 is a circuit disgran of one phctotube md its 
preamplifier. There are two poro identical units.  .evoral 
general references were consulted in the desicn cf these 
circuits. (13),(14)+(15), (16), (17) 
are 4 2s a photograph of all three units complote, 
showing the lucite Tubes and the framework by whieh the 6 
is fastened to the face of the oscilloscope, Tho lucite 
tubos were first mapot and then cere nated to the 931-. 
es by means of Canada balsam. The phototubes were 
10 
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Figure 2. Cross- sectional skefch of shutter. 
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painted black to keep out undesirad stray liphts  . presovre 

Pit for the end of the lucite tubes against the face of 

the «reillogespo was found to be eatdefactarry. It should 

| ص‎ the variable resistances pleeed in the 

"andont adjuenment of the 

{within certain linits)e 

٨ was found to be necessary since the 9512, tubes used 
did not pve precisely the same characteristics as a function 

of veltase. It ig imperative that tho sane ruber of 

| @ounts be registered by eac^ nhototube fron the same 5 urce 

of Licht impulses. Ay adjusting tho voltage proper? y on 
| @ath rhototube it wos posgibl: to attain this drsired con- 
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After this eruipnent waa designed and cmstrveted, it 
wes decided to apriy ít to the problon of detorniring the 
holf=livos £ the two radioisotopes AL? and A195, both of 
wmeep tise as largo os 7 see, available on the osoilloccope, 
i bême evident that the conerol Khod alrendy desert bed 
would have to be modified slightly for thia Problem. An 
suxiliory sweep eircuit of the ded red wreth could hove 
been built, but this was decided against in fuver of a 
mich simpler idea. instead of trigkering a men ACT ns 

ال 





hood of Y sets ince there was no 
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A AA oe eee 
0-8 بب ,-پص+-‎ !eriadteally a voltage 
«Wels avplied t) the horizontal deflection phatas of the usctile 
. losoope to novo the apot out fre under the lucite tube of 
` he ative phototube. his ewthed had the Wefinite advan- 
pare that all of the pelses fren tho Qcip*'r tube wore 
@ounted while the electron bonn spot was freushed ander the 
 Imeite tube, 
| The periodic anolícation of a defisctins voltage to 
he horizontal deflection plates cf the oseilloscope wae 
mesenplished as follow’. 1ı sealer was set to a seale of 
` OH and then allowed to count the 60 eyclo A. Q, line fros 
 quener, The resul ing pulso every 64/50 cf a second was 
fee into an external register. ıhe external register had 
@ Sliding metal contact whieh rade contact with the Pos 
tating wheel cf the mechanical register, Nomever, at defi- 
nise intervals arcund the wheel scotch tare was pM ced so 
that the electrical ec ntact was broke: periodically. Ja 
particular the seotch tape was arranged so that the elec 
—btrícal contact was owie fir 2164/50) seconds than berken 
fur 3 (64/60) seconds. "or convenience hereafter (61/50) 
| Sec. vill be spoken of es one time unit,  &th و‎ 22 1/2 wolt 
better; in serios with the electrical contect and he 
Borie ntel deflection ple*ec ^f 4Lhc occi lo na, the photo 
15 
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"/ 1:9390 
| miner Glffieulty aros hen 4% ves f und that the 
net larg? endut te trier à Tracomlab cato= 
&icels, but tie sealor mus not alo 
- parado» of Ge mg Sie CUBED «(ev  Gomees 
iy a twoegtage ذشوت‎ ٤07-۰ wes designed enc ماج‎ 
plicy the preaeplifier pulse enough ec that Um auta- 
| ler would racw? ity The eireuit éiagrex of tbis anplis 
۳ ds piwan in ligure 55 
 Ctlising the undificatiens rentioned obove, the followe 
‘iment was performed, á target of isotopically pure 
P ws bosberáed with protons of energy; 724 tev, This 
| 8م‎ is at à resonance peak for or, Afver 
ing for thirty sets ۵ ewiteh wao throm actusting 
$eleneid whieh pullid the shutter up, in érrupting ihe 
— Mum de Oresff benz o8 cl síng tho oíonossitdh. The storom 
` BALES Closing aGbcsted a rolay vhi lifted 2 lund ovield 
Eon birwean the Verget ond an accive Jeiwer tude, The 
 Gédger tube thon sent pulsos to tbo vertical plites ol the 
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oscilloscove and the ph cotube ecwunted these pulses fr 
2 timesuhit intervals, During the three tinme=units delay 
the miber of pulses romistered in the preceeding two tine 
mnits was recorded. This sequence of events wee repeeted 
many tires to get sufficient ceunts to insure a lew proba» 
ble error. The data se obtained are given in «ppendix I. 
۸ similar oxperiment was then perfermed with a target 
of ME, using protons of energy 550 kevs This energy is 
at a res nance peak for 125 (pr) 41°. ihe data obtained 


in this experiment are given in Appendix II. 
analysis sf Data and Viscuosion cf Results 


In the first experiment described the nuclear reactic 


8 all 2 i ; 
(29) to be ne lpr jA? so the rodio- 


e@Gurring is known 
isotope whose activity would be measured is A15, All of 
the data obtained for the first time inturval (2 tine units; 
were added together as were tiose Fur all the other tine 
intervals, This gave ultimately five peints on the renv 


curve of 4125 


. Figure 6 is a plot on semi-log graph paper 
of the results obtainec iron tho data listed in .vwendix I, 
The variations plotted are ene staudard deviation in length. 
The baexervund eounting rate was cearurcd apcr xi^svely in 
me lûle of each oxperinents hile taking baekgred 

deta the shutter was closed, with the Van de Jrmeff bear 
bombarding it, and the lead shieid was raised. Leise 
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rity ef ×ط‎ target oes nllowsd to ممدہ‎ 63 uns mimutes 
Tha mine of a standard dovistion ua (Dbatnàd ip the 
HLR mat) — Cumas tnt Kos) mabe? of counte far 
ven tiwe iveerval ty be U, If there veré no bac'ocfeumd 
a, the "vendard devistion,c , vule be VE . The Paek 
there are backgreund counts tee re considecrd, Sowaver, 
p that the manber of bae" vn! eurtsS in a ci! én tine 
val is $s Then the standard dsTisti-n will bs 
S= VT E 1j. 

| Ts ectually determine the half-life of AL" rm we 

v in Appendix I a line wes fitted to the date using 
t the paiho ef least squares, + Short derivation cf the 
۱ ‘theery of this wwthod is sivem (44) 

> feppuose à cet of E peinta, of which only the y œm 

dinate ir susceptible to error, when plotted en erujh paper 
Wu et a linear r-latiohnhin wit! ocustion 

y = mk * k (12). 

Wow, lot d, be tho niffnronce betwse- the ordinate of tha 
' ith print and tho Gorrasponding ofdinete of the limes Denote 

the weicht of y; by Wye Tho method of least equeres aesurms 
| Su the best fit will be cWteine! show “hoe mm of the 
۷: ۲6۵۹۱۶ 48 û minimum, Thi: say be cxpreasad as £ Alaus: 


e کے‎ d 8 E ja + ni] * (12) 
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= rátim of bith که‎ dee of 119) to get 

1 همه ه) * 8 سب سوه‎ BIR 9 
ens puta y' = logs, وو‎ m' = B log, e, amd k' = lom. kj 
š وس‎ (AC) decreas 
y' = na + K' (41) 
de abril usly the Porm Already CATA 
كل‎ nàs becs amoo) that tiw prepare adios facta, 
Ve ume Lor te y, 16 (24300) ye  vàth yj substitubed 
Fy and wj substituted For wy, owustien (17) may ba used 
مزا‎ Compute tho constants m' and k! in equction (22). 
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EI W^ tI DNA M وعسمم مه‎ eta 
eine, nexsured, Note that an assumed value fer a is 
equation (2°), Moreover the ۸ 
4 et a depends oa d Nm û schol of oa 
tions mist be usodi 
O are precise wthod of detereirio; shu ود دا‎ 
Im pegossery if the counting inter mls gre یت کن‎ 
Meth), Bnd only the slepe of the dwcay curve is dasirnd, 
E proe N vr N en vetu پو ور‎ 
ipte tho doces curve beck to mero Timms 
j ———— ——— 
4 that 75110157 a wuenming om of Mie mwnt 80 
em the etuler, n brief pariod of tiro al&paod before ouv 
pontia were rupiotsred, Thus ¿hs soolar 2093€ & leys سم‎ 
| inherent deler tino betran thé tlee the cows Edith aa 
اسلا‎ on and courte were actually receded. cm cda asit 
مم یو‎ wigervetien Lt wad sec^swaPy Lı dinanê the Qata dòs 
۱ fur Kir. first Line igtervnl sinto actually ‘ia Adler 
"Aot funetieninp properly for the full 2 ti وا نم‎ Thus 
مشلا و لا نی وت تمس تا‎ "derer of 
Table 1 is a mumary af tie AL”? deta needed te o 
Iuif-life, She y, wore determine Crow the GAC? ip 
lix I und چسونحیہ جا أوحیسہ جو‎ mudos (21). 
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a oe se A SOM 

| un — 099) 4206") 
6 3,192 = 66 ONO — 3852 — 105,106 
1 1,025 ۶ 26 3920533 7.176 79.50 
15 1,070 — 2479 3402998 ES 194600 

4 5 5 540 —*'5 25803 — 06 ia. 
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a, 2 wcl ie "ivi 
04 ry ; 307 9 5 
unita رف ده‎ _ (sho?) (x10?) 
6 3,192 1,170,828 683.775 113.062 
11 1,929 805,536 855 03 234582 
16 1,070 313,600 594376 3,711 


SE. ib. ii. si.‏ اير 
nn Zeh RR. A 10.‏ 
Table ly Summary of Data for A175 °‏ 

Using Table 1 and ecnations (17) ono nay easily cume 
pute a' and h', The "uantity n' is opputed te be 
“¿04515 (tine units)"5, ¿Milo e comer out to be 3.77559. 
How since که‎ = n logy, ٥ = „höhe, 
T= s0515 / AIL e a0 = O / Mele (23). 
From aruetion (23) the half-life of ag”? Hela, i¢ readily 
found to be 6,07 time units or 7,11 sec, 

5: ha bse- shown 2^?) that an esbi-ato of the standard 
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error of a nay be obtaii 
(5,9. £n ڈراو‎ < Coo (ext) (24) 
where 
Con = د‎ / ۲ (25) 
in which D' is the D defined by equation (16) with “a Sube 
stituted for wy and yj for Yi 
and 
o (exe) * £wj ûf /(m-p) —— (26) 
is the number of points te be fitted, and p is 





in which n 
the uber cf adjustable parameters. In this case nep is 2. 
Application of equation (24) Leads to 2.5. in m' € 5.00300 
and ultimately the 2.5. in the half-life of 11% = L,20 sec, 
Thue the half-life of A17? is reported as 7.11 7 ,13 sees, 
where 413 = (.67)(5.0) = probable error. Figure 6 isa 
graph of the decay of A195, 

The data licted in Appendix II is sunnarísed in Table 2, 
oouputations procisoly similar to those made fer AL”? were 
perfurmed for 41%, indicatins the half-life of A120 to be 
7.61 2 3 ی8901‎ ۱6 8 86 £ .21 soe, ia probable error. 
Figure 7 is a graph of the decey of A196, 





The values obtained by these oxmoriments for the half 
lives of ar“? and ړړږ‎ 6 should now be Compared with values 
reported by cther research workers using diferent wethods. 
Bradner and Gowli9! have resortos the half-life of 1% to be 
743 sec, They bombarded Me”? O with protons from a linear 
accelerator end feund an aetivity of 7.3 sec, which they 

ah 
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| ہے و18۵‎ mm of Data w al 

attributed to the reaetion 15 (p,n) 11% ې‎ 1% lo thus seen 
that the results of (his excerivort agro quite elımeiy wish 
those of Wadner and Gow for 1%, 
gave the detai 9 of their experisontal arcongonertb, nor 
the energy of the bowbarding protons, nor we ruable ermr 
im their results ‘hore are very few reports in tho litera 
ture listing a half=342e for 1%, Than is undoubtedly due 
te the fect that only recently hava seygrated isetupen of 
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ba bee: available, The common precedere in the past has 
been to bonberd a targot of unsoparat^d rap siva with 
protons, This gives a mixture of the tw isetones A17? 
and 1326, axd sines their halfelives are so close together, 
the decay curve viteined cannot in general be resolved 
into two components. 

uite in contrast to the ese for Al”? there are many 
values reported in the literature for the half-life of 
A195, The latest value As 6,3 see, cond was reported by 
Sradner and Gow in the rawo article in which they reported 
on A179, The reaction they used in this case was 
6 (p,n) A196 where again the protons were supplied by 
a linear accelerst @. ther older values ۱ ~(26) in the 
literature for tho half-life of 4395, however, range {ron 
740 sec, to 5.5 sec., with most of the values centering 
around 7.0 sec, Bradner md Low have suggested that the 
740 sec, half=life nornalldy given for ¿126 is vrobebly a 
mixture of A1% and A195, -his pay te true ln s»»c cases 
but i5 i5 difficult to deë Fow it could possibly be true in 
others, For exasple, Perinan and را‎ 222 used tho 
reaction aye? (y,n) 4196 which curtainiy should have tivon 
then almost pere A396, Any Al"? which they would have 
gotten would have core [from the reaction ar“ Men) ٹم‎ 
which hos a vere لوسو‎ cross section cornar:d to the (y,n) 
reaction. ‘he half-life repurted by them for 112 Was 

ag 
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790 beca afflor and üirgoil*l) taye olse usod tho A177 

(v,n) A196 ronctiong they report ths half-life of 4126 to 

be 7.2 secs Ina pioneer experiment is this field P/risenU^2] 

esploziar the resection ra23(a, n) 426, obtained a value 

of ? $1 see, fup tho halfelife of A17Ó, Huber ot a1!?5), 

tha ۲۵۵ 5 ۷۰ AL”? (> yn) 43195 , obtoined a half-life‏ یت به ا 

of 7.2 Í „5 see. for 126, In all cases revortod (221,124), 

(25) whore one wuid reag nably expect the true activity 

5108807094 to be a mixture of 11% ena a126 only a ۵ 

decay eurvo has been ıbeerveds this would tend to indicate 

that the true half-lives of al” and aye are cuite elege 
The value found in t is oxporinent f.r tho half-life 

cf A196, 7461 x «21 secs, does not apres with the 0,3 sec. 

of Bradner and G 

discrepancy other then the fact that the value found in 

(26} 





OW. No explanation is offered for this 


this work dees agree with that reported by receerchurs 
@ther ther Gradner and Gow, ne pos ible explanation is 


K 
thas tuere are tw ison ric states of 1346 “th uite ci se 
half-iivos, 
viecussion of New i cthod's Capaollivics and Lindta- 





It is manif@etly to be regretted that there vas no 
oprertunity te Gomdnet an experiment which would have 
utilis d the new edthod in its oritinslly dosoribrd earner. 
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Ihe min reuson for deeiding te weesure the tnlfeLives of 

1125 and „276 inetesd cf any ovher radioirot pes uo ۵ 

feet the this knewledge ves desired in collaberatien with 

seme work at thie university of 4s B; Taylor and i, P 

— on measuring Mmelear resonance panka for ihe re- 

| ne Lg^* (+وج)‎ 41% and og? (pr) A179, Thu author 

certain that if tise meuld have permitted tho pore 
forrance of mother experivent, the apearatus deseribed 
would have werked satisfactorily in its originally de= 
4 The nain advantages of thie new method are its sire 
plieity of design, the fact that it utilizes mostly com 
mercially available equipaent, and ite great flexibility of 
apoltont! m over a wide range of half-lives, 1 milligeeste 
1 win. Por all half-lives longer than 1 sec. the adartatim 
aged 4n che A122 and Al experiments is probably nore 
practical than tha Cirst-ciescribed nethede 

One cf the Limitations which should we ments ned 

inelwles the ierge nucsber ol run« wich wid be necessery 
WM it a Iall prowsble error using the first ۱+ 

| -ince the helfelife muld We ecommuticd on The basis Pl ۷ 

| موی‎ Wai, thoso psi&ot& "vL! haya t5 be m mes, Alon 
Af tho sethad ware t. ve used to messvre bolf-lives Gorter 
o هم‎ soc., the “niger tube should be 
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tal marry € هر‎ € unt& would be lowts debunliy 
 seintillation esunter dend tiems are of Ube order of 
سا‎ GeCs, this method i» Qa able of measuring: half-lives 
= order of 1077 soe, if an auxiliary fast cscillesooce 
were constructed, and if ar oelecuronio mutter of 
type wero utilized, 
Another winor li itstion is the fact that in the sodi- 
( fielen ouphoyed in the current experi ente tho zw of 
` memes + l a given voltage setting on she ه933‎ 
EL ist very seneitive to the gain contr ld on the 
emplifiocr used, This made it neceosary to calibrate tho 
08. part of the apparatus by fordlng a urn fros 
| gueney fulse from a pulse cenerator into the vertical de- 
flection plates of the =selllosespe and adjusting the gain 
| control on the amplifier until the sealer connected te the 
output sf the ph totube recrrdod the correet number «f counts, 
The variable 
entire experiment: in reality thie is net a sarius delset 
mines 911 thet is actually recuired is teat thé goin re oin 
eoenstart over the few seconds of soeh individual vun, 

There ate spveral radiciscotopes weso half-lives wicht 
fecfivebly be checked by this new method, one of these 
ore listed below, together with the reported wninen of the 
ha32-1iv5g, 271, 20) 3) 
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controls were not teuched again then during an 
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Pf esurae, thore are many 
in addition to the ones list 


were computed using Sess vwelu*s as piron by 
> "Tublo of Abanke Manze", 
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4h ther very ivterestias experinont which cule bo 
للدت‎ be vs monware the half-life of 112% fem the 
menetion mg/P(p,v) A126 for different energies uf the سس‎ 
herding pectons.  Jifferent values of half-lives at differs 
energies would indicate the existeree of iscmeric states 
A 26, Gurran and Ssrotitrerg (2?) perforwd this expori. 
eith gn ursoparated Mp target in 1939, and bheir ree 
ET wusmest t^e pusribility that indeed different half 
lives might be found at different bombarding proton energies, 
^m 

۴ | 














' À nbs method of measuring short half-lives iM the 
range fron 1 silliscé, to l sin, has boen deseribed, This 
method has then been applied to the vroblous of doter ining 
۴ 0٠ 1ه‎ a1“? and "۸6 with tre following resulta: 
11 Í ,13 set. ; رن‎ 6 61 Z ,21 seo. one eapabilie 
ties amd li itati^ns of the eethod have boon 0120 ard 
future applications have bee: su wested. 
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